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Objective To investigate whether exposure to hyperemesis

gravidarum (HG) is associated with increased maternal long-term

mortality.

Design Population-based cohort study.

Setting Medical Birth Registry of Norway (1967–2002) linked to

the Cause of Death Registry.

Population Women in Norway with singleton births in the period

1967–2002, with and without HG. Women were followed until

2009 or death.

Methods Cox proportional hazard regression model was applied

to estimate hazard ratios (HRs) with 95% confidence interval (CI).

Main outcome measures The primary outcome was all-cause

mortality during follow up. Secondary outcomes were cause-

specific mortality (cardiovascular mortality, deaths due to cancer,

external causes or mental and behavioural disorders).

Results Of 999 161 women with singleton births, 13 397 (1.3%)

experienced HG. During a median follow up of 26 years

(25 902 036 person-years), 43 470 women died (4.4%). Women

exposed to HG had a lower risk of long-term all-cause mortality

compared with women without HG (crude HR 0.82; 95% CI

0.75–0.90). When adjusting for confounders, this reduction was

no longer significant (adjusted HR 0.92; 95% CI 0.84–1.01).
Women exposed to HG had a similar risk of cardiovascular death

as women not exposed (adjusted HR 1.04; 95% CI 0.83–1.29), but
a lower long-term risk of death from cancer (adjusted HR 0.86;

95% CI 0.75–0.98).

Conclusion In this large population-based cohort study, HG was

not associated with an increased risk of long-term all-cause

mortality. Women exposed to HG had no increase in mortality

due to cardiovascular disease, but had a reduced risk of death

from cancer.

Keywords Cancer, cardiovascular disease, cohort study,

hyperemesis gravidarum, long-term mortality.
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Introduction

Several conditions complicating pregnancies are reported to

influence subsequent disease patterns in women. Pregnancy

is considered a physiological stress-test especially for the

cardiovascular system; an increase in blood volume, heart

rate, and cardiac output are necessary changes in normal

pregnancies.1,2 Most women adapt well to the pregnant

state, but in some women inadequate adaptation may

occur and be a sign of impaired cardiac reserve.2 Gesta-

tional hypertension, pre-eclampsia and placental abruption

are all reported to increase the risk of cardiovascular dis-

ease (CVD) later in life.3–7 Moreover, it is well known that

gestational diabetes increases the risk of developing type 2

diabetes.6,8–10 According to the American Heart Association

Guidelines for the prevention of Cardiovascular Disease in

Women, taking a history of pregnancy complications is part

of the CVD risk evaluation.11

Hyperemesis gravidarum (HG), characterised by extreme

nausea and vomiting in early pregnancy,12 is associated

with gestational hypertension, pre-eclampsia as well as pla-

cental abruption.13 The prevalence of HG varies between

0.3 and 3.2%, depending on the maternal country of

birth.14,15 The aetiology is poorly understood, and previous

studies suggest different causal mechanisms, involving
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placental dysfunction, gastrointestinal pathology, immuno-

logic factors and endocrine and metabolic factors.16–21

Although HG is the most common reason for hospitalisa-

tion during the first trimester,22 little is known about the

long-term consequences of HG exposure. Some studies

have reported an association between HG and risk of

autoimmune disease later in life.23,24 A recent study investi-

gating cancer risk after HG exposure reported an inverse

association between HG and overall cancer risk.25 The asso-

ciation between HG and mental health, both as a risk fac-

tor and as a consequence of HG, has been disputed.15,26

The aforementioned possible underlying mechanisms for

HG may affect a woman’s long-term health and all-cause

mortality, but this is still largely unknown.

The main objective of this study was to assess whether

women exposed to HG during pregnancy have an increased

risk of long-term all-cause mortality compared with women

not exposed, using large population-based data with a fol-

low-up time of several decades. Secondly, we explored

whether the risk of cardiovascular death and death due to

cancer, external causes and psychiatric disorders were

higher in women exposed to HG.

Materials and methods

Population
All births in Norway are registered in the Medical Birth

Registry of Norway (MBRN). This is mandatory and has to

be performed within 1 week after discharge from hospital

(the maternal unit). The notification form is filled in by

the midwife and the doctor, and contains complete identi-

fication of the mother and father, information on mother’s

health before and during pregnancy, complications during

pregnancy and delivery as well as information on the

infant.27 From 1967 to 2002 all pregnancies ending after

week 16 were notifiable in the MBRN.28 By use of a

national identification number, each mother was linked to

her births for the period 1967–2002. In this study, only

women with singleton births after 23 weeks of gestation

were included (Figure S1).

Follow up
Data from the MBRN were linked to the Cause of Death

Registry through December 2009. The Norwegian Cause of

Death Registry has a 98% coverage and completeness of

the Norwegian population. For all deaths, a death certifi-

cate (paper form IS-1025B) with a logical sequence from

the underlying to the immediate cause of death must be

completed by a doctor. A code from the International Clas-

sification of Disease (ICD) system is allocated to the diag-

noses in the death certificate. Subsequently the underlying

cause of death is identified by the IRIS computer pro-

gramme with the Automated Classification of Medical

Entities (ACME) module, or by assessment of a profes-

sional coder. Around 500–700 (1.2–1.7%) death certificates

are missing every year in Norway.29

Exposure and outcomes
In the MBRN, women with HG were registered with the

ICD-8 codes 638.0 (hyperemesis gravidarum with neuritis)

or 638.9 (hyperemesis gravidarum without mention of neu-

ritis) until 1998; from 1999 onwards, HG was registered by

the ICD-10 codes O21.0 (mild hyperemesis gravidarum),

O21.1 (hyperemesis gravidarum with metabolic distur-

bances) or O21.9 (vomiting in pregnancy, unspecified).30

To investigate whether there was a dose–response relation-

ship between exposure and outcome, the consequences of

repeated exposure to HG were explored.

The Cause of Death Registry used the ICD-7 from

1960 to 1968, ICD-8 from 1969 to 1985, ICD-9 from

1986 to 1995 and ICD-10 codes from 1996 to 2009. Based

on previous research on risk factors and potential conse-

quences of HG, the following outcomes were explored in

addition to all-cause mortality (corresponding ICD-10

codes given in brackets for all outcomes): Diseases of the

circulatory system (I00-I99), mental and behavioural dis-

orders (F00-F99), external causes (V01-Y89) and cancer

(C00-D48).

For subanalyses, CVD was divided into three groups: ‘is-

chaemic heart disease’ (I20-25), ‘cerebrovascular disease’

(I60-69) and ‘other CVD’ (the remaining circulatory sys-

tem codes).

Cancer is a very heterogeneous group of diseases, where

tobacco smoking and alcohol use are two of the main risk

factors.31 Explorative subanalyses investigating the mortality

from tobacco- and alcohol-related cancers were conducted.

Tobacco-related cancers comprised lung cancer (C33-34),

cancers of the lip, oral cavity and pharynx (C00-14), larynx

(C32), oesophagus (C15), stomach (C16), liver (C22), pan-

creas (C25), kidney (C64), bladder (C67), cervix (C53),

colon/rectum (C18-21), ovary (C56) and acute myeloid

leukaemia (C92).32 Alcohol-related cancers included cancer

in the oral cavity and pharynx (C01-14), larynx (C32),

oesophagus (C15), liver (C22), breast (C50) and colon/rec-

tum (C18-21).32

Covariates
Based on prior knowledge13–15,33 the following covariates

were considered as potential confounders: maternal age at

first registered pregnancy (continuous), the woman’s year

of birth (in categories), maternal country of birth, educa-

tion, parity, hypertensive diseases in pregnancy, placental

abruption, pregestational diabetes type 1 and hypertensive

disorders before pregnancy.

Hyperemesis gravidarum is associated with expecting a

female infant,34 but whether a female fetus also increases
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the severity of HG is not clear.35–38Also, the influence of

socio-economic status on HG risk is inconsistent in the lit-

erature,33,39,40 but low socio-economic status is associated

with increased morbidity and mortality.41–43

Age at first birth was the age at the women’s first birth

registered in the MBRN. As some women may have deliv-

ered children before 1967, a parity-variable reflecting the

mother’s self-reported parity was used. Information on

maternal life-time years of education was obtained from

Statistics Norway and categorised as: ≤10 years of school,

11–13 years, 14–16 years, ≥17 years of school, missing.

Information on maternal country of birth was provided

from Statistics Norway and divided into eight categories.

For education and maternal country of birth, <2% had

missing data, whereas data on maternal age and parity were

complete.

Information on gestational hypertension, placental

abruption, pre-existing hypertension and diabetes type 1

were obtained from the MBRN. Based on information from

each woman’s registered pregnancies, dichotomous vari-

ables were created (ever/never).

Smoking was not recorded in the MBRN until 1999, and

adjustment for this potential confounder was not possible.

We compared the smoking habits of hyperemetic and non-

hyperemetic women in a subgroup after 1999 to obtain an

impression of possible differences between the two groups.

Statistical methods
The analyses were conducted in STATA version 14. The

characteristics of women with and without HG were

presented as percentages or median (� interquartile

range). A Cox proportional hazard regression model was

applied to estimate time-to-event outcomes (mortality).

Women were followed from their first registered birth

until death or censored at the cutoff year of 2009,

whichever occurred first. The time-variable in the Cox

models was ‘time from first birth to death/censored’.

Two models were made in addition to the crude analy-

ses: (i) age-adjusted; (ii) adjusted for all available con-

founders. The fully adjusted model included all

conditions associated with both exposure and outcome

as confounders, based on prior knowledge.13–15,33 In our

population, not all the listed confounders influenced the

estimates, but they were included in the fully adjusted

model because of the biological aspects. Age at first reg-

istered pregnancy was the strongest confounder. In the

fully adjusted model, women with missing information

on covariates (1.5% of the total population) were

excluded from the analyses. A P-value below 0.05 was

considered statistically significant.

To investigate the impact of fetal gender and maternal

education on risk of all-cause mortality, stratified analyses

were conducted.

All data-files were anonymised after linkage. Ethical

approval for the study was obtained from the Regional

Committee for Medical and Health Research Ethics (2015/

1347/REK South-East).

Results

Cohort
In total, 1 028 801 women with a pregnancy between

1967 and 2002 were registered in the MBRN. After

excluding women with incorrect registrations, multiple

gestation pregnancies and pregnancies with a gestation of

<23 weeks, the study population consisted of 999 161

women and more than 2 million pregnancies (Figure S1).

Among all women included in this study, 13 397 (1.3%)

suffered from HG during at least one pregnancy. Of these,

1173 women experienced HG in more than one preg-

nancy. The median follow-up time was 26 years (range

0.5–42 years) and total person-years at risk were almost

26 million years (25 902 036). Loss to follow up due to

emigration was <3% (26 260 women). Women with HG

were more likely to be younger than 30 years at their first

registered birth and were more often born in African and

Asian countries (Table 1). They were also less likely to be

primipara at the end of follow up. In terms of education,

modest differences were observed according to HG status.

In the subgroup registered after 1999, women with HG

were less likely to smoke compared with women without

HG (Table S1).

All-cause mortality
Among women exposed to HG, 451 (3.4%) of the women

died during follow up, compared with 43 019 (4.4%) of

the women not exposed (Table 2). The Kaplan–Meier curve

shows the crude overall survival rates during follow up

(Figure 1). Cox regression analysis showed that women

exposed to HG had a lower risk of long-term all-cause

mortality compared with unexposed women [crude hazard

ratio (HR) 0.82; 95% confidence interval (CI) 0.75–0.90].
After adjusting for confounders, however, the reduction

did not reach the level of statistical significance (adjusted

HR 0.92; 95% CI 0.84-1.01) (Table 2).

Among women with repeated exposures to HG

(n =1173), 27 (2.3%) died during follow up. Women with

HG in two or more pregnancies had a similar risk of long-

term all-cause mortality as unexposed women (adjusted

HR 0.99; 95% CI 0.68–1.44).

Cause-specific mortality
A total of 7197 (0.7%) women died due to CVD. There

was no difference in long-term CVD-mortality between

women exposed to HG and women not exposed (Figure 2,

Table 2).
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During follow up, 23 393 (2.3%) women died from

cancer (Table 2). Exposure to HG was associated with a

reduced risk of long-term cancer mortality (crude HR

0.78; 95% CI 0.68–0.88), in particular in relation to

tobacco-related cancers (Table 2). The estimates

remained statistically significant after adjustment for

possible confounders (Figure 2, Table 2). There was no

difference between groups in death from alcohol-related

cancers.

No association was found between exposure to HG and

risk of dying from external causes (including accidents and

suicide) or mental and behavioural disorders (Table 2).

To further explore the associations between HG and the

risk of cardiovascular death, subanalyses differentiating

between ischaemic heart disease, cerebrovascular disease

and other CVD as causes of death were conducted. The

long-term mortality rates from ischaemic heart disease and

other CVD were similar in women exposed to HG and

those not exposed, but the hazard rate for cerebrovascular

disease was higher in the HG-group, although not reaching

the level of statistical significance (Table 2).

The risk of death was similar across educational level

and fetal gender (Tables S2 and S3).

Discussion

Main findings
To the best of our knowledge this is the first study to

investigate maternal long-term mortality after HG expo-

sure. In this large population-based cohort study, exposure

to HG was not associated with an increased risk of long-

term all-cause mortality, and there was no increase in mor-

tality due to CVD. There was, however, a reduction in

mortality from cancer in women exposed to HG.

Strengths and limitations
The MBRN is the oldest birth registry worldwide27 and

provides a unique opportunity to study the long-term

impact of HG on mortality. Both the MBRN and the Cause

of Death Registry are high-quality health registries with

mandatory reporting. Use of a population-based data set

rules out the possibility of selection bias. The long follow-

up time is a major strength of this study (maximum

42 years), as well as the low percentage of loss to follow up

(<3%).

A possible limitation in registry-based research is incor-

rect or poor registration of HG, partly due to lack of clear

diagnostic criteria for HG. In the MBRN there is no infor-

mation about severity, starting point or duration of HG.

Despite these limitations, an assessment study has con-

cluded that MBRN is valid as a database for studies on

HG,30 although the relatively large proportion of false-posi-

tive cases found in that study might influence the exposure–
outcome associations in terms of reducing the strength of

possible associations. HG registration in MBRN is consid-

ered valid for use in large-scale epidemiological studies.30

The lack of information on smoking habits in MBRN is

another limitation in this study. As smoking is associated

with a lower risk of HG and increases the risk of CVD,39,44

it might have influenced the estimates. The proportion of

smokers among women in Norway increased in the period

after 1965 and peaked in 1975 with 35% smokers.45 On the

Table 1. Characteristics of the study cohort (n = 999 161)

Maternal and

pregnancy

characteristics

Women with

hyperemesis

gravidarum

(n = 13 397)

Women without

hyperemesis

gravidarum

(n = 985 764)

At baseline

Median age at first

registered pregnancy*

24 (21–27) 25 (21–28)

Age at first registered pregnancy, n (%)

≤19 1595 (11.9) 118 004 (12.0)

20–24 5718 (42.7) 370 603 (37.6)

25–29 4193 (31.3) 307 118 (31.1)

30–34 1376 (10.3) 129 916 (13.2)

≥35 515 (3.8) 60 123 (6.1)

Pre-gestational

diabetes type 1, n (%)

14 (0.1) 1159 (0.1)

Pregestational

hypertension, n (%)

65 (0.5) 4419 (0.5)

Education (years), n (%)

≤10 3392 (25.3) 250 323 (25.4)

11–13 5515 (41.2) 419 582 (42.6)

14–16 3782 (28.2) 260 905 (26.5)

≥17 480 (3.6) 40 280 (4.1)

Missing 228 (1.7) 14 674 (1.4)

Maternal country of birth, n (%)

Norway 11 658 (87.0) 886 436 (89.9)

Europe 737 (5.5) 58 025 (5.9)

Africa 229 (1.7) 6039 (0.6)

Asia 584 (4.4) 22 574 (2.3)

North America 140 (1.1) 9272 (0.9)

South America 41 (0.3) 2798 (0.3)

Oceania 7 (0.05) 563 (0.06)

Missing 1 (0.01) 57 (0.01)

At end of follow up

Median age at the

end of study*

50 (42–59) 51 (42–61)

Parity by end of follow up,n (%)

Primipara 1777 (13.3) 203 697 (20.7)

Multipara 11 620 (86.7) 782 067 (79.3)

Pre-eclampsia,

pregnancy-related

hypertension and

eclampsia, n (%)

991 (7.4) 73 927 (7.5)

Placental abruption, n (%) 172 (1.3) 11 007 (1.1)

*Median with 25 and 75 quartiles.
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other hand, the amount of tobacco consumed by women

did not peak until 1990. The impact of tobacco smoking

on mortality in this study is unknown. Body mass index

(BMI) was not recorded in the MBRN until 2006 and

could not be explored in this study. This may be a limita-

tion, as both underweight and obesity have been associated

with increased risk of HG.39

Comparison with other studies
Bolin et al.13 reported a doubled risk of pre-eclampsia and

a three-fold increased risk of placental abruption after HG

exposure, suggesting a possible effect on the placentation.

A recent publication showed a skewed placental weight-to-

birth weight ratio, possibly reflecting suboptimal placenta-

tion, but this was found only in women with HG who were

carrying female fetuses.35 Moreover, HG is reported to be

associated with subsequent increased risk of autoimmune

diseases.23,24 A Danish study found a statistically significant

association between HG and autoimmune diseases in gen-

eral and in particular between HG and Sj€ogren’s syndrome,

Graves’ disease, rheumatoid arthritis, pernicious anaemia,

coeliac disease, Crohn’s disease, ulcerative colitis and psori-

asis.23 Previous research has also found increased inflam-

matory markers in women with HG compared with healthy

pregnancies.46–49 Given that several of these conditions

associated with HG also are associated with increased risk

of CVD, we explored whether HG and CVD-related mor-

tality might be related. Underlying mechanisms could be

common genes or common environmental factors, and an

inflammation during a restricted time-period could trigger

Table 2. Outcomes at the end of follow up in women exposed to hyperemesis gravidarum (n = 13 397) compared with women not exposed

(n = 985 764)

Cause of death Number (%) of deaths

according to HG status

Hazard ratio (95% confidence interval)

No HG as referent group

HG

(n = 13 397)

No HG

(n = 985 764)

Crude Age-adjusted Fully adjusted*

All-cause 451 (3.4) 43 019 (4.4) 0.82 (0.75–0.90) 0.88 (0.80–0.97) 0.92 (0.84–1.01)

Cardiovascular disease (CVD) 79 (0.6) 7118 (0.7) 0.87 (0.70–1.09) 1.00 (0.80–1.25) 1.04 (0.83–1.29)

Ischaemic heart disease 31 (0.2) 3078 (0.3) 0.80 (0.56–1.13) 0.92 (0.65–1.31) 0.96 (0.67–1.37)

Cerebrovascular disease 33 (0.3) 2163 (0.2) 1.19 (0.85–1.68) 1.34 (0.95–1.89) 1.39 (0.98–1.96)

Other CVD 15 (0.1) 1877 (0.2) 0.63 (0.38–1.05) 0.72 (0.43–1.20) 0.74 (0.45–1.23)

Cancer 230 (1.7) 23 163 (2.4) 0.78 (0.68–0.88) 0.83 (0.73–0.95) 0.86 (0.75–0.98)

Tobacco-related cancers 111 (0.8) 12 597 (1.3) 0.69 (0.57–0.84) 0.74 (0.62–0.90) 0.77 (0.64–0.93)

Alcohol-related cancers 97 (0.7) 8061 (0.8) 0.94 (0.77–1.15) 1.01 (0.83–1.24) 1.04 (0.85–1.27)

External causes 46 (0.3) 4122 (0.4) 0.84 (0.63–1.13) 0.84 (0.63–1.12) 0.90 (0.67–1.21)

Mental and behavioural disorders 10 (0.1) 782 (0.1) 0.99 (0.53–1.84) 1.01 (0.54–1.89) 1.10 (0.59–2.05)

HG, hyperemesis gravidarum.

*Adjusted for women’s age at first birth, women’s year of birth (categorical), maternal country of birth, education, parity, hypertensive disorder in

pregnancy, pregestational hypertension, pregestational diabetes type 1, placental abruption.
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Figure 1. Kaplan–Meier survival curve (all-cause mortality). The time

variable is years after first registered birth.

Figure 2. Forest plot of adjusted hazard ratios (HRs) with 95%

confidence intervals (CI) in women exposed to hyperemesis gravidarum

compared with unexposed women.
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processes that have an impact on the risk of CVD. In our

study, however, we did not find higher CVD mortality in

women with HG than in women without HG. In contrast,

there was a reduced risk of overall cancer mortality in

women exposed to HG. Subanalyses showed lower HR for

tobacco-related cancers in the HG-group. This is in line

with previous research, but it is not known whether this

could be explained by tobacco smoking alone or whether

other mechanisms might be involved.25

Interpretation
Cardiovascular disease is the leading cause of death among

women at large, but for younger women the picture is

more heterogeneous. Among women in Norway who died

between the age of 50 and 60 years in 2009, 55% of deaths

were due to cancer, approximately 11% were caused by

CVD, and about 8% were due to external causes.50 In our

sample the larger proportion of deaths caused by cancer

reflects the younger population. On the other hand, 25%

of the women were older than 61 years at the end of follow

up. With almost one million women and a long follow-up

time, the lack of any increased risk of death from CVD in

our study makes it unlikely that there is any increased risk

of premature cardiovascular mortality in women exposed

to HG. However, a possible difference in smoking habits in

the two groups might have counteracted the effect of HG

on cardiovascular mortality, which means the results in our

study might be an underestimation.

Subgroup analyses of CVD showed a lower HR for

ischaemic heart disease in the hyperemetic women. In con-

trast, the HR for cerebrovascular disease was higher.

Although not significant, this difference between the sub-

groups may reflect the aforementioned possible effect of

smoking as a confounder. Smoking is a well-known risk

factor for atherosclerotic disease, in particular coronary

heart disease.44,51,52 In our study population, most of the

deaths due to cerebrovascular disease were caused by

intracranial haemorrhages, and the effect of smoking as a

risk factor for this condition is weaker than for coronary

heart disease.44,53–55 The confounding effect of smoking in

these analyses might therefore be smaller.

Regarding the aetiology of HG it has been suggested that

hormonal changes could be responsible, in particular

increased oestrogen and human chorionic gonadotrophin,

both hormones mainly produced by the placenta.21,56,57

Bearing a female child is associated with increased levels of

human chorionic gonadotrophin as well as oestrogen, and

has been suggested as an explanation for the almost two-

fold increase in risk of HG in women bearing a female

child.34 Whether a female fetus increases the severity of

HG, is yet not clear.35–38 No increased mortality was found

in subanalyses stratified on fetal gender in our study. How-

ever, this should be interpreted with caution, as we have

been able to stratify on fetal gender of the first-born child

only, and fetal gender in later pregnancies could have influ-

enced the results.

Another interesting factor is the women’s socio-eco-

nomic status, as previous research is inconsistent regarding

the influence of such status on HG risk.33,39,40 Given the

fact that low socio-economic status is associated with

increased all-cause mortality,41–43 it may be considered a

confounder in our study. With respect to education,

adjustment for education or stratification on education did

not influence our results.

Conclusions

In this large population-based cohort study, women

exposed to HG in pregnancy neither had an increased risk

of long-term all-cause mortality compared with women not

exposed, nor an increased risk of death from CVD. HG

was, however, associated with a lower risk of death from

cancer. In this large study, there was no available informa-

tion on smoking habits and this will be an interesting topic

for future studies regarding risk factors for HG and conse-

quences of the disease. More research is needed to explore

potential mechanisms for the lower cancer mortality in

women exposed to HG.

Contribution to authorship
SF, �AVV, ØN and SH designed the study. SF and LV per-

formed the statistical analyses. SF drafted the manuscript

and all the other authors critically revised it. All authors

approved the final version of the article. SF, �AVV, ØN and

SH are guarantors of the paper and affirm that the manu-

script is an honest, accurate, and transparent account of

the study being reported. All authors had full access to all

of the data (including statistical reports and tables) in the

study and take responsibility for the integrity of the data

and accuracy of the data analysis.

Funding
South-Eastern Norway Regional Health Authority (grant

no. 2015053/2015).

Disclosure of interests
None declared. Completed disclosure of interests form

available to view online as supporting information.

Details of ethics approval
Ethical approval for the study was obtained from the

Regional Committee for Medical and Health Research

Ethics 11 September 2015 (2015/1347/REK South-East).

Data sharing
No additional data are available.

1085ª 2016 The Authors. BJOG An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd on behalf of
Royal College of Obstetricians and Gynaecologists

Hyperemesis gravidarum and long-term mortality



Acknowledgements
We thank the MBRN and Cause of Death registry for pro-

viding the data for this study.

Supporting Information

Additional Supporting Information may be found in the

online version of this article:

Figure S1. Study flow diagram.

Table S1. Smoking habits in a subgroup of women with

first registered pregnancy after 1999 (n = 96 129).

Table S2. All-cause mortality stratified by educational

level.

Table S3. All-cause mortality stratified by fetal gender

(gender of first born child if more than one child). &

References

1 Cirillo PM, Cohn BA. Pregnancy complications and cardiovascular

disease death: 50-year follow-up of the child health and development

studies pregnancy cohort. Circulation 2015;132:1234–42.
2 Oakley C, Warnes CA. Heart Disease in Pregnancy. Malden, MA:

Blackwell Publishing, 2007.

3 Romundstad PR, Magnussen EB, Smith GD, Vatten LJ. Hypertension

in pregnancy and later cardiovascular risk: common antecedents?

Circulation 2010;122:579–84.
4 Skjaerven R, Wilcox AJ, Klungsoyr K, Irgens LM, Vikse BE, Vatten LJ,

et al. Cardiovascular mortality after pre-eclampsia in one child

mothers: prospective, population based cohort study. BMJ

2012;345:e7677.

5 Lee G, Tubby J. Preeclampsia and the risk of cardiovascular disease

later in life—A review of the evidence. Midwifery 2015;31:1127–34.
6 Staff AC, Redman CWG, Williams D, Leeson P, Moe K,

Thilaganathan B, et al. Pregnancy and Long-term maternal

cardiovascular health: progress through harmonization of research

cohorts and biobanks. Hypertension 2016;67:251–60.
7 DeRoo L, Skjaerven R, Wilcox A, Klungsoyr K, Wikstrom AK,

Morken NH, et al. Placental abruption and long-term maternal

cardiovascular disease mortality: a population-based registry study in

Norway and Sweden. Eur J Epidemiol 2016;31:501–11.
8 Kim C, Newton KM, Knopp RH. Gestational diabetes and the

incidence of Type 2 diabetes: a systematic review. Diabetes Care

2002;25:1862–8.
9 J€arvel€a IY, Juutinen J, Koskela P, Hartikainen A-L, Kulmala P, Knip

M, et al. Gestational diabetes identifies women at risk for

permanent Type 1 and Type 2 diabetes in fertile age: predictive role

of autoantibodies. Diabetes Care 2006;29:607–12.
10 Lee AJ, Hiscock RJ, Wein P, Walker SP, Permezel M. Gestational

diabetes mellitus: clinical predictors and long-term risk of developing

Type 2 diabetes: a retrospective cohort study using survival analysis.

Diabetes Care 2007;30:878–83.
11 Mosca L, Benjamin EJ, Berra K, Bezanson JL, Dolor RJ, Lloyd-Jones

DM, et al. Effectiveness-based guidelines for the prevention of

cardiovascular disease in women—2011 Update: a Guideline From

the American Heart Association. Circulation 2011;123:1243–62.
12 Fairweather DV. Nausea and vomiting in pregnancy. Am J Obstet

Gynecol 1968;102:135–75.
13 Bolin M, Akerud H, Cnattingius S, Stephansson O, Wikstrom AK.

Hyperemesis gravidarum and risks of placental dysfunction disorders:

a population-based cohort study. BJOG 2013;120:541–7.

14 Vikanes A, Grjibovski AM, Vangen S, Magnus P. Variations in

prevalence of hyperemesis gravidarum by country of birth: a study

of 900,074 pregnancies in Norway, 1967–2005. Scand J Public

Health 2008;36:135–42.
15 McCarthy FP, Lutomski JE, Greene RA. Hyperemesis gravidarum:

current perspectives. Int J Women’s Health 2014;6:719–25.
16 Niemeijer MN, Grooten IJ, Vos N, Bais JM, van dPJ, Mol BW, et al.

Diagnostic markers for hyperemesis gravidarum: a systematic review

and metaanalysis. Am J Obstet Gynecol 2014;211:150.e1–15.
17 Lee NM, Saha S. Nausea and vomiting of pregnancy. Gastroenterol

Clin North Am 2011;40:309–34.
18 Verberg MF, Gillott DJ, Al-Fardan N, Grudzinskas JG. Hyperemesis

gravidarum, a literature review. Hum Reprod Update 2005;11:527–39.
19 Sanu O, Lamont RF. Hyperemesis gravidarum: pathogenesis and the

use of antiemetic agents. Expert Opin Pharmacother 2011;12:737–
48.

20 Sandven I, Abdelnoor M, Nesheim BI, Melby KK. Helicobacter pylori

infection and hyperemesis gravidarum: a systematic review and

meta-analysis of case–control studies. Acta Obstet Gynecol Scand

2009;88:1190–200.
21 Goodwin TM. Hyperemesis gravidarum. Obstet Gynecol Clin North

Am 2008;35:401–17.
22 Gazmararian JA, Petersen R, Jamieson DJ, Schild L, Adams MM,

Deshpande AD, et al. Hospitalizations during pregnancy among

managed care enrollees. Obstet Gynecol 2002;100:94–100.
23 Jorgensen KT, Nielsen NM, Pedersen BV, Jacobsen S, Frisch M.

Hyperemesis, gestational hypertensive disorders, pregnancy losses

and risk of autoimmune diseases in a Danish population-based

cohort. J Autoimmun 2012;38:J120–8.
24 Jorgensen KT, Pedersen BV, Jacobsen S, Biggar RJ, Frisch M.

National cohort study of reproductive risk factors for rheumatoid

arthritis in Denmark: a role for hyperemesis, gestational

hypertension and pre-eclampsia? Ann Rheum Dis 2010;69:358–63.
25 Vandraas KF, Grjibovski AM, Stoer NC, Troisi R, Stephansson O,

Ording AG, et al. Hyperemesis gravidarum and maternal cancer risk,

a Scandinavian nested case–control study. Int J Cancer

2015;137:1209–16.
26 Grooten IJ, Roseboom TJ, Painter RC. Barriers and challenges in

hyperemesis gravidarum research. Nutr Metab Insights 2015;8:33–9.
27 Irgens LM. The Medical Birth Registry of Norway. Epidemiological

research and surveillance throughout 30 years. Acta Obstet Gynecol

Scand 2000;79:435–9.
28 Irgens LM. Medical birth registry—an essential resource in perinatal

medical research. Tidsskr Nor Laegeforen 2002;122:2546–9.
29 Pedersen AG, Ellingsen CL. Data quality in the Causes of Death

Registry. Tidsskr Nor Laegeforen 2015;135:768–70.
30 Vikanes A, Magnus P, Vangen S, Lomsdal S, Grjibovski AM.

Hyperemesis gravidarum in the Medical Birth Registry of Norway—a

validity study. BMC Pregnancy Childbirth 2012;12:115.

31 World Health Organization. Cancer. 2015. [http://www.who.

int/mediacentre/factsheets/fs297/en/]. Accessed 1 June 2016.

32 International Agency for Research on Cancer. Personal Habits and

Indoor Combustions. IARC monographs on the evaluation of

carcinogeneic risk to humans 2012. [http://monographs.iarc.fr/ENG/

Monographs/vol100E/mono100E.pdf]. Accessed 1 June 2016.

33 Roseboom TJ, Ravelli AC, van der Post JA, Painter RC. Maternal

characteristics largely explain poor pregnancy outcome after

hyperemesis gravidarum. Eur J Obstet Gynecol Reprod Biol

2011;156:56–9.
34 Veenendaal MV, van Abeelen AF, Painter RC, van der Post JA,

Roseboom TJ. Consequences of hyperemesis gravidarum for

offspring: a systematic review and meta-analysis. BJOG

2011;118:1302–13.

1086 ª 2016 The Authors. BJOG An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd on behalf of
Royal College of Obstetricians and Gynaecologists

Fossum et al.

http://www.who.int/mediacentre/factsheets/fs297/en/
http://www.who.int/mediacentre/factsheets/fs297/en/
http://monographs.iarc.fr/ENG/Monographs/vol100E/mono100E.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/mono100E.pdf


35 Vandraas KF, Vikanes AV, Stoer NC, Vangen S, Magnus P,

Grjibovski AM. Is hyperemesis gravidarum associated with placental

weight and the placental weight-to-birth weight ratio? A

population-based Norwegian cohort study Placenta 2013;34:990–4.
36 Rashid M, Rashid MH, Malik F, Herath RP. Hyperemesis gravidarum

and fetal gender: a retrospective study. J Obstet Gynaecol

2012;32:475–8.
37 Peled Y, Melamed N, Hiersch L, Hadar E, Wiznitzer A, Yogev Y.

Pregnancy outcome in hyperemesis gravidarum—the role of fetal

gender. J Matern Fetal Neonatal Med 2013;26:1753–7.
38 Tan PC, Jacob R, Quek KF, Omar SZ. The fetal sex ratio and

metabolic, biochemical, haematological and clinical indicators of

severity of hyperemesis gravidarum. BJOG 2006;113:733–7.
39 Vikanes A, Grjibovski AM, Vangen S, Gunnes N, Samuelsen SO,

Magnus P. Maternal body composition, smoking, and hyperemesis

gravidarum. Ann Epidemiol 2010;20:592–8.
40 Vandraas KF, Vikanes AV, Vangen S, Magnus P, Stoer NC,

Grjibovski AM. Hyperemesis gravidarum and birth outcomes—a

population-based cohort study of 2.2 million births in the

Norwegian Birth Registry. BJOG 2013;120:1654–60.
41 Halland F, Morken NH, DeRoo LA, Klungsoyr K, Wilcox AJ,

Skjaerven R. Association of women’s reproductive history with long-

term mortality and effect of socioeconomic factors. Obstet Gynecol

2015;126:1181–7.
42 Lynch JW, Kaplan GA, Cohen RD, Tuomilehto J, Salonen JT. Do

cardiovascular risk factors explain the relation between socioeconomic

status, risk of all-cause mortality, cardiovascular mortality, and acute

myocardial infarction? Am J Epidemiol 1996;144:934–42.
43 Krueger PM, Tran MK, Hummer RA, Chang VW. Mortality

attributable to low levels of education in the United States. PLoS

ONE 2015;10:e0131809.

44 Burns DM. Epidemiology of smoking-induced cardiovascular disease.

Prog Cardiovasc Dis 2003;46:11–29.
45 Lund KE, Lund M, Bryhni A. Tobacco consumption among men and

women 1927–2007. J Norw Med Assoc 2009;129:1871–4.

46 Kurt RK, Guler A, Silfeler DB, Ozcil MD, Karateke A, Hakverdi AU.

Relation of inflammatory markers with both presence and severity of

hyperemesis gravidarum. Ginekol Pol 2014;85:589–93.
47 Caglayan EK, Engin-Ustun Y, Gocmen AY, Sari N, Seckin L, Kara M,

et al. Is there any relationship between serum sirtuin-1 level and

neutrophil-lymphocyte ratio in hyperemesis gravidarum? J Perinat

Med 2016;44:315–20.
48 Engin-Ustun Y, Tonguc E, Var T, Deveer R, Yilmaz N, Danisman N,

et al. Vaspin and C-reactive protein levels in hyperemesis

gravidarum. Eur Rev Med Pharmacol Sci 2013;17:138–40.
49 Verit FF, Erel O, Celik H. Paraoxonase-1 activity in patients with

hyperemesis gravidarum. Redox Rep 2008;13:134–8.
50 World Health Organization. European Detailed Mortality Database.

2014. [http://data.euro.who.int/dmdb/]. Accessed 1 June 2016.

51 Ambrose JA, Barua RS. The pathophysiology of cigarette smoking

and cardiovascular disease. An update. J Am Coll Cardiol

2004;43:1731–7.
52 Messner B, Bernhard D. Smoking and cardiovascular disease:

mechanisms of endothelial dysfunction and early atherogenesis.

Arterioscler Thromb Vasc Biol 2014;34:509–15.
53 Poon MT, Bell SM, Al-Shahi SR. Epidemiology of intracerebral

haemorrhage. Front Neurol Neurosci 2015;37:1–12.
54 Feigin VL, Rinkel GJE, Lawes CMM, Algra A, Bennett DA, van Gijn J,

et al. Risk factors for subarachnoid hemorrhage: an updated

systematic review of epidemiological studies. Stroke 2005;36:2773–
80.

55 Ariesen MJ, Claus SP, Rinkel GJE, Algra A. Risk Factors for

intracerebral hemorrhage in the general population: a systematic

review. Stroke 2003;34:2060–5.
56 Ismail SK, Kenny L. Review on hyperemesis gravidarum. Best Pract

Res Clin Gastroenterol 2007;21:755–69.
57 Tamay AG, Kuscu NK. Hyperemesis gravidarum: current aspect. J

Obstet Gynaecol 2011;31:708–12.

1087ª 2016 The Authors. BJOG An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd on behalf of
Royal College of Obstetricians and Gynaecologists

Hyperemesis gravidarum and long-term mortality

http://data.euro.who.int/dmdb/



